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(54) MULTIFUNCTIONAL SPEAKER

(57) Provided is a multi-function speaker, which pro-
vides vibration and acoustic functions at the same time.
The multi-function speaker includes an internal frame
supporting a diaphragm to which a voice coil is attached,
a first suspension having stiffnesses different from each
other at inside and outside portions thereof to vibrate the
inside portion attached to a vibrator and stabilize vibration
of the vibrator at the outside portion, an external frame
supporting the outside portion of the first suspension, the
external frame receiving the internal frame in an inner
space thereof, and a second suspension elastically cou-
pling the internal frame to the external frame to buffer a
movement of the internal frame. When the vibrator is vi-
brated, the first suspension prevents abnormal vibration
and the second suspension buffers the movement of the
internal frame to stabilize an operation of the vibrator in
duplicate.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a speaker, and
more particularly, to a multi-function speaker, which pro-
vides vibration and acoustic functions at the same time.

Description of the Related Art

[0002] Generally, speakers are acoustic devices in
which an electrical signal is converted into kinetic energy
at a magnetic circuit along a voice coil to generate a dil-
atational wave in air, thereby generating a sound wave.
The speakers are widely used for mobile phones or var-
ious portable electronics.
[0003] Portable electronics such as a mobile phone
includes a vibration module to inform an arrival signal or
perform a bone conduction function. To realize miniatur-
ization and cost reduction, multi-function speakers in-
cluding a vibration function are being developed, and also
widely used.
[0004] As shown in FIG. 1, a typical multi-function
speaker 10 has a structure in which a diaphragm 11 to
which a voice coil 12 is attached, a frame 13 supporting
the diaphragm 11, and a vibrator including a plate 15, a
magnet 14, and a yoke are supported to the frame 13 by
a single suspension 17. According to the typical multi-
function speaker 10, when a sound signal is inputted into
the voice coil, the diaphragm 11 is vibrated to generate
sound. Also, when a vibration signal is inputted, a vibra-
tion module is vertically vibrated.
[0005] However, in the typical multi-function speaker
10, unstable vibration (e.g., jumping phenomena, mate-
rial fatigue properties, and rolling tendency) may be gen-
erated due to a single suspension, as well as, abnormal
sound or noise may be generated due to an interference
of a magnetic system when the vibrator and the dia-
phragm are vibrated at the same time.

SUMMARY OF THE INVENTION

[0006] Accordingly, the present invention is directed
to a multi-function speaker that substantially obviates one
or more problems due to limitations and disadvantages
of the related art.
[0007] An object of the present invention is to provide
a multi-function speaker that prevents abnormal vibration
due to a suspension having dual stiffness with stiffnesses
different from each other.
[0008] Another object of the present invention is to pro-
vide a multi-function speaker in which an internal frame
and an external frame are divided to prevent abnormal
vibration using a first suspension using a first suspension
supporting a vibrator to the external frame and a second
suspension supporting the internal frame to the external

frame.
[0009] Another object of the present invention is to pro-
vide a multi-function speaker in which a voice coil and a
vibration coil are separated, and magnetic poles thereof
are changed to stabilize vibration.
[0010] Another object of the present invention is to pro-
vide a multi-function speaker in which a coupling method
between a voice coil and a vibration coil is freely changed
to easily realize desired impedance characteristics.
[0011] Additional advantages, objects, and features of
the invention will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the invention.
The objectives and other advantages of the invention
may be realized and attained by the structure particularly
pointed out in the written description and claims hereof
as well as the appended drawings.
[0012] To achieve these objects and other advantages
and in accordance with the purpose of the invention, as
embodied and broadly described herein, there is provid-
ed a suspension of a multi-function speaker including:
an inside portion to which a vibrator is attached to gen-
erate vibration; and an outside portion fixed to a frame
to stabilize the vibration of the vibrator, thereby prevent-
ing abnormal vibration, wherein the inside portion and
the outside portion of the suspension have stiffnesses
different from each other.
[0013] In another aspect of the present invention, there
is provided a multi-function speaker including: an internal
frame supporting a diaphragm to which a voice coil is
attached; a first suspension having stiffnesses different
from each other at inside and outside portions thereof to
vibrate the inside portion attached to a vibrator and sta-
bilize vibration of the vibrator at the outside portion; an
external frame supporting the outside portion of the first
suspension, the external frame receiving the internal
frame in an inner space thereof; and a second suspen-
sion elastically coupling the internal frame to the external
frame to buffer a movement of the internal frame, where-
in, when the vibrator is vibrated, the first suspension pre-
vents abnormal vibration and the second suspension
buffers the movement of the internal frame to stabilize
an operation of the vibrator in duplicate.
[0014] In another aspect of the present invention, there
is provided a multi-function speaker including: a dia-
phragm to which a voice coil is attached; an internal frame
supporting the diaphragm; an internal magnet assy com-
prising an internal upper plate, an internal magnet, and
an internal lower plate; a vibration coil vertically disposed
with respect to the voice coil in a gap between the internal
frame and the internal magnet assy; a first suspension
in which the internal magnet assy is attached to an inner
center thereof, the first suspension being divided into an
inside portion and an outside portion with respect to a
position at which the vibration coil is attached to provide
stiffnesses different from each other at the inside portion
and the outside portion; an external frame supporting the
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first suspension, the external frame receiving the internal
frame in an inner space therein; and a second suspension
elastically coupling the internal frame to the external
frame, wherein the voice coil and the vibration coil are
disposed in a magnet circuit formed by the internal mag-
net assy to provide an acoustic function by vibration of
the diaphragm when current flows into the voice coil and
a vibration function by vibration of the internal magnet
assy when current flows into the vibration coil.
[0015] The external upper plate of the external magnet
assy may have a height greater than that of the internal
upper plate of the internal magnet assy to increase a gap
area, the outside portion of the first suspension may have
stiffness greater than that of the inside portion of the first
suspension, and a ratio of an inner length and an outer
length may be changed to adjust a vibration character-
istic.
[0016] The internal magnet assy and the external mag-
net assy are coupled in the same polarity to align the
internal magnet assy at an exact center of a space de-
fined by the frame due to an repulsive force between the
internal magnet assy and the external magnet assy,
thereby maintaining a balance, and thus preventing ab-
normal vibration.
[0017] When the internal magnet assy and the external
magnet assy are coupled in the same polarity, the internal
magnet assy may be aligned at a central position due to
a repulsive force between the internal magnet assy and
the external magnet assy.
[0018] It is to be understood that both the foregoing
general description and the following detailed description
of the present invention are exemplary and explanatory
and are intended to provide further explanation of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention. In the drawings:
[0020] FIG. 1 is a schematic view of a typical multi-
function speaker;
[0021] FIG. 2 is an exploded perspective view of a mul-
ti-function speaker according to the present invention;
[0022] FIG. 3 is an assembled perspective sectional
view of a multi-function speaker according to the present
invention;
[0023] FIG. 4 is an assembled sectional view of a multi-
function speaker according to the present invention;
[0024] FIG. 5 is a perspective view illustrating a proc-
ess of assembling a multi-function speaker according to
the present invention;
[0025] FIG. 6 is a perspective view of a multi-function
speaker assembly according to the present invention;
[0026] FIG. 7 is a perspective sectional view of a multi-

function speaker assembly according to the present in-
vention; and
[0027] FIGS. 8 and 9 are partially sectional views ex-
plaining an operation of a multi-function speaker accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The present invention and technical subjects
achieved by embodiments of the present invention will
be clarified through following embodiments described
with reference to the accompanying drawings. The fol-
lowing embodiments are used only for explain the
present invention while not limiting the present invention.
[0029] FIG. 2 is an exploded perspective view of a mul-
ti-function speaker according to the present invention.
FIG. 2(a) is an exploded perspective view of the multi-
function speaker when viewed from an upper side, and
FIG. 2(b) is an exploded perspective view of the multi-
function speaker when viewed from a lower side. FIG. 3
is a stereo perspective sectional view of a multi-function
speaker according to the present invention, and FIG. 4
is an assembled sectional view of a multi-function speak-
er according to the present invention.
[0030] Referring to FIGS. 2 to 4, a multi-function
speaker according to the present invention includes a
front cover 102, a rear cover 104, a diaphragm 110 to
which a voice coil 132 is attached, an internal frame 122
to which an external magnet assy 150 is attached to the
inside thereof and a second suspension 170 is attached
to the outside thereof, a vibration coil 134, an internal
magnet assy 140, and an external frame 124 to which a
first suspension 160 is attached to the inside thereof,
which are integrally assembled. The multi-function
speaker may provide an acoustic function in which the
diaphragm 110 is vibrated by an electrical signal flowing
into the voice coil 132 and a vibration function in which
the internal magnet assy 140 is vibrated by an electrical
signal flowing into the vibration coil 134 at the same time.
Since the internal magnet assy 140 provides the vibration
function, the internal magnet assy 140 may be referred
to as a "vibrator".
[0031] Referring to FIGS. 3 and 4, according to the
multi-function speaker assembly of the present invention,
the first suspension 160 is divided into an inside portion
and an outside portion with respect to a first protrusion
162 to which the vibration coil 134 is attached. An outside
stiffness Kout from the external frame 124 to the first
protrusion 162 is different from an inside stiffness Kin
from the first protrusion 162 to a second protrusion 164.
That is, the outside stiffness Kout may be greater than
the inside stiffness Kin (Kout > Kin). Thus, the inside por-
tion of the first suspension 160 having a low stiffness may
provide a function for smoothly vertically vibrating the
vibrator 140 attached to the second protrusion 164 dis-
posed at a central portion of the first suspension 160.
The outside portion of the first suspension 160 may pro-
vide a function for uniformly supporting a circumference
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of the vibrator 140. As a result, it may prevent an abnor-
mal vibration (e.g., twisted to the left and right sides) of
the vibrator from occurring.
[0032] Also, in the multi-function speaker assembly of
the present invention, the internal frame 122 and the ex-
ternal frame 124 are elastically coupled to each other by
the second suspension 170 to allow the second suspen-
sion 170 to hole again the overall vibration of the second
suspension 170, thereby generating more stable vibra-
tion.
[0033] Referring again to FIGS. 2 to 4, the front cover
102 has a ring shape with a wing in which the outside
120a thereof is formed of a plastic material and the inside
102b thereof is formed of a metal material. The front cover
102 is coupled to a front surface of the external frame
124. The rear cover 104 has a circular plate shape in
which holes having small and large sizes are defined.
The rear cover 104 is coupled to a back surface of the
external frame 124 to protect internal components.
[0034] The diaphragm 110 has a circular plate shape
formed of a composite material and having an outer cir-
cumference surface with a dome shape. A dome portion
110a of the outer circumference surface is supported by
a hook of the internal frame 122. The voice coil 132 having
a ring shape is attached to a bottom surface of the dia-
phragm 110.
[0035] The external frame 124 is elastically coupled to
the outside of the internal frame 122 through the second
suspension 170. The external magnet assy 150 including
an external upper plate 152, an external magnet 154,
and an external lower plate 156 is closely attached to the
inside of the internal frame 122. The internal magnet assy
140 including an internal upper plate 142, an internal
magnet 144, and an internal lower plate 146 is disposed
at a center of a space defined by the internal frame 122
and supported by the second protrusion 164 of the first
suspension 160. A gap is defined between the internal
magnet assy 140 and the external magnet assy 150. The
voice coil 132 and the vibration coil 134 are separately
vertically disposed within the gap. At this time, the voice
coil 132 is attached to the diaphragm 110, and the vibra-
tion coil 134 is attached to the first protrusion 162 of the
first suspension 160.
[0036] The second suspension 170 fitted into the out-
side of the internal frame 122 is disposed on the hook of
the external frame 124. The first suspension 160 having
a dual-stiffness is coupled to a lower side of an inner
surface of the external frame 124.
[0037] In the multi-function speaker of the present in-
vention, the voice coil 132 and the vibration coil 134 are
connected in series or parallel to each other to generate
an electric field within a magnetic circuit according to an
electrical signal applied from the outside. As shown in
FIGS. 5 to 7, an actual product has a structure including
a connection part 180 having a cylindrical and rectangu-
lar parallelepiped shape to connect electricity to the out-
side.
[0038] A process of manufacturing the multi-function

speaker according to the present invention will be de-
scribed now. The external magnet assy 150 is the inside
of the internal frame 122, and the second suspension
170 is attached to the outside of the internal frame 122.
The internal frame 122 may be integrally manufactured
using inserted injection molding. The diaphragm 110 to
which the voice coil 132 is attached adheres on the in-
ternal frame 122 using an UV bonding to form a first sub-
assy. The external frame 124 is integrally manufactured
with the first suspension 160 using the inserted injection
molding. The vibration coil 134 and the internal magnet
assy 140 are attached on the first suspension 160 to form
a second sub-assy.
[0039] The first sub-assy is inserted into the second
sub-assy, a coil is connected, and a soldering process
is performed to form a third sub-assy. When the front
cover 102 is coupled to the rear cover 104 as shown in
FIG. 5, the multi-function speaker assembly is completed
as shown in FIG. 6. FIG. 6 (a) is an assembled perspec-
tive view of the multi-function speaker when viewed from
an upper side, and FIG. 6(b) is an assembled perspective
view of the multi-function speaker when viewed from a
lower side. Referring to FIG. 6, the multi-function speaker
of the present invention is connected to an external de-
vice through an external connection terminal 188 such
as a spring terminal of the connection part 180.
[0040] FIG. 7 is a perspective sectional view of a multi-
function speaker assembly including the connection part
180. Referring to FIG. 7, the connection part 180 includes
an connection terminal 186 for connecting the voice coil
132 to the vibration coil 134 in an inner space defined
between an upper extension part 182 and a lower exten-
sion part 184. The multi-function speaker of FIG. 7 has
the same configuration as that of FIG. 3 except the con-
nection part 180. Thus, their detailed descriptions will be
omitted.
[0041] An operation principal of the completely assem-
bled multi-function speaker according to the present in-
vention will be described in detail with reference to FIGS.
8 and 9.
[0042] Referring to FIG. 8, in the multi-function speaker
according to an embodiment of the present invention, the
external magnet assy 150 and the internal magnet assy
140 respectively having polarities (N and S poles) differ-
ent from each other are coupled to with a gap therebe-
tween. Here, a magnetic circuit in which a magnetic force
flows from the upper plate 142 of the internal magnet
assy to the lower plate 146 of the internal magnet assy
via the upper plate 152 of the external magnet assy and
the lower plate 156 of the external magnet assy is formed.
The voice coil 132 attached to the diaphragm 110 and
the vibration coil 134 attached to the first suspension 160
are disposed in the gap. The upper plate 152 of the upper
plate 152 of the external magnet assy fixed to the internal
frame 122 has a height greater than that of the upper
plate 142 of the internal magnet assy, which is vertically
moved when operated, by a distance d to increase a "gap
area". Thus, a magnetic field line of the magnetic circuit
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may be stable in spite of the vibration of the internal mag-
net assy.
[0043] In this state, when the voice coil 132 and the
vibration coil 134 are connected in series or parallel to
each other to apply an electrical signal from the outside
through the connection part 180, an electric field is gen-
erated by current flowing into the voice coil 132 disposed
within the magnetic circuit to vibrate the diaphragm 110,
thereby generating sound. Also, an electric field is gen-
erated by current flowing into the vibration coil 134 dis-
posed within the magnetic circuit to vibrate the vibrator
that is the internal magnet assy 140. At this time, when
the voice coil 132 and the vibration coil 134 are connected
to in series, the voice coil 132 may serve as a low-fre-
quency filter to transmit only a low frequency signal need-
ed for the vibration to the vibration coil 134. That is, since
a resonant frequency of the diaphragm 110 providing the
general acoustic function is greater than that of the vi-
brator 140 providing the vibration function, only a signal
having a lower frequency band is required during the vi-
bration operation. Thus, when the voice coil 132 and the
vibration coil 134 are connected to in series, the voice
coil 132 may serve as the low frequency filter to remove
noise.
[0044] In the multi-function speaker according to the
present invention, the vibration is stably vibrated by the
first suspension 160 having the dual stiffness. The inside
portion of the first suspension 160 having a relatively low
stiffness may provide a function for smoothly vertically
vibrating the vibrator 140, and the outside portion of the
first suspension 160 having a relatively high stiffness may
provide a function for maintaining a balance of the vibra-
tion generated by the inner vibrator 140 to prevent an
abnormal vibration (e.g., twisted to the left and right sides)
of the vibrator from occurring.
[0045] The movements of the diaphragm 110 fixed to
the internal frame 122 and the internal frame 122 are
buffered again by the second suspension 170 to prevent
the abnormal vibration from occurring. In addition, since
the upper plate 152 of the external magnet assy has a
height greater than that of the upper plate 142 of the
internal magnet assy, the magnetic circuit may be stable
to realize the stable vibration in spite of the vibration of
the vibrator.
[0046] Furthermore, according to the present inven-
tion, a ratio of an inner length L1 and an outer length L2
of the first suspension 160 may be adequately adjusted
to obtain a desired vibration characteristic. In addition,
the external magnet assy 150 may be removed or mod-
ified to obtain various characteristics.
[0047] Referring to FIG. 9, in a multi-function speaker
according to another embodiment of the present inven-
tion, an external magnet assy 150 and an internal magnet
assy 140 having the same polarity (e.g., N and N poles)
as each other may be coupled with a gap therebetween
to respectively form a magnetic circuit due to the internal
magnet assy 140 and a magnetic circuit due to the ex-
ternal magnet assy 150. That is, the first magnetic circuit

due to the internal magnet assy 140 is formed from an
upper plate 142 of the internal magnet assy to a lower
plate 146 of the internal magnet assy via a voice coil 132
and a vibration coil 134. The second magnetic circuit due
to the external magnet assy 150 is formed from an upper
plate 152 of the external magnet assy to a lower plate
156 of the external magnet assy. In this structure accord-
ing to another embodiment, the internal magnet assy may
be aligned at an exact center of a space defined by a
frame to maintain a balance, thereby preventing an ab-
normal vibration.
[0048] According to another embodiment of the
present invention, the components for preventing the ab-
normal vibration in this embodiment has the same con-
figuration and operation as those of the previously de-
scribed embodiment except the magnetic circuit. Thus,
their detailed descriptions will be omitted.
[0049] In the multi-function speaker according to the
present invention, the inside of the first suspension may
be smoothly vibrated by the first suspension in which the
inside and outside thereof are stiffnesses different from
each other, as well as, the outside of the first suspension
is fixed to the frame to allow the vibrator to be stably
vibrated, thereby prevent the abnormal vibration. Also,
the second suspension in which the internal frame and
the external frame are elastically coupled to each other
may buffers the movement of the internal frame to sta-
bilize the operation of the vibrator in duplicate.
[0050] Also, according to the present invention, since
the external upper plate of the external magnet assy has
a height greater than that of the internal upper plate of
the internal magnet assy, the gap area may increase to
stabilize the magnetic field line of the magnetic circuit in
spite of the vibration of the internal magnet assy. In ad-
dition, the voice coil and the vibration coil may be sepa-
rately operated to stabilize the operation of the vibrator.
[0051] Also, according to the present invention, the ra-
tio of an inner length and an outer length of the first sus-
pension may be changed, or the connection method be-
tween the vibration coil and the voice coil and the coupling
features of the internal magnet assy and the external
magnet assy may be adjusted to obtain various charac-
teristics.
[0052] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the ap-
pended claims and their equivalents.

Claims

1. A suspension of a multi-function speaker compris-
ing:

an inside portion to which a vibrator is attached
to generate vibration; and
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an outside portion fixed to a frame to stabilize
the vibration of the vibrator, thereby preventing
abnormal vibration,
wherein the inside portion and the outside por-
tion of the suspension have stiffnesses different
from each other.

2. A multi-function speaker comprising:

an internal frame supporting a diaphragm to
which a voice coil is attached;
a first suspension having stiffnesses different
from each other at inside and outside portions
thereof to vibrate the inside portion attached to
a vibrator and stabilize vibration of the vibrator
at the outside portion;
an external frame supporting the outside portion
of the first suspension, the external frame re-
ceiving the internal frame in an inner space
thereof; and
a second suspension elastically coupling the in-
ternal frame to the external frame to buffer a
movement of the internal frame,
wherein, when the vibrator is vibrated, the first
suspension prevents abnormal vibration and the
second suspension buffers the movement of the
internal frame to stabilize an operation of the
vibrator in duplicate.

3. A multi-function speaker comprising:

a diaphragm to which a voice coil is attached;
an internal frame supporting the diaphragm;
an internal magnet assy comprising an internal
upper plate, an internal magnet, and an internal
lower plate;
a vibration coil vertically disposed with respect
to the voice coil in a gap between the internal
frame and the internal magnet assy;
a first suspension in which the internal magnet
assy is attached to an inner center thereof, the
first suspension being divided into an inside por-
tion and an outside portion with respect to a po-
sition at which the vibration coil is attached to
provide stiffnesses different from each other at
the inside portion and the outside portion;
an external frame supporting the first suspen-
sion, the external frame receiving the internal
frame in an inner space therein; and
a second suspension elastically coupling the in-
ternal frame to the external frame,
wherein the voice coil and the vibration coil are
disposed in a magnet circuit formed by the in-
ternal magnet assy to provide an acoustic func-
tion by vibration of the diaphragm when current
flows into the voice coil and a vibration function
by vibration of the internal magnet assy when
current flows into the vibration coil.

4. The multi-function speaker of claim 3, further com-
prising an external magnet assy attached to the in-
side of the internal frame, the external magnet assy
comprising an external upper plate, an external mag-
net, and an external lower plate,
wherein the voice coil and the vibration coil are dis-
posed in a magnet circuit formed between the inter-
nal magnet assy and the external magnet assy to
provide the acoustic function by the vibration of the
diaphragm when the current flows into the voice coil
and the vibration function by the vibration of the in-
ternal magnet assy when the current flows into the
vibration coil.

5. The multi-function speaker of claim 4, wherein the
external upper plate of the external magnet assy has
a height greater than that of the internal upper plate
of the internal magnet assy.

6. The multi-function speaker of claim 5, wherein the
internal magnet assy and the external magnet assy
are coupled in the same polarity to align the internal
magnet assy at an exact center of a space defined
by the frame due to a repulsive force between the
internal magnet assy and the external magnet assy,
thereby maintaining a balance, and thus preventing
abnormal vibration.

7. The multi-function speaker of claim 4 or 5, wherein
the outside portion of the first suspension has stiff-
ness greater than that of the inside portion of the first
suspension.

8. The multi-function speaker of claim 4 or 5, wherein
the voice coil and the vibration coil are connected to
in series or parallel to each other to receive an elec-
trical signal from the outside through the same con-
nection terminal.
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